A strain of Moraxella sp. capable of assimilating fluoroacetate (FA) as the sole source of carbon was isolated. It was resistant to mercuric chloride and antibiotics, such as penicillin G and kanamycin. Mercury reductase and haloacetate halidohydrolase were found in the cell-free extract of the organism. Two kinds of halidohydrolase were found on purification by DEAE-cellulose column chromatography; one was active for FA and chloroacetate (CA) (halidohydrolase 1), and the other was active for CAbut not FA (halidohydrolase 2). Twotypes of cured strain were obtained by mitomycin C; type I lost halidohydrolase 2, whereas type II became sensitive to mercuric chloride and lost halidohydrolase 1 and 2. On electrophoresis of plasmid on agarose gel, a plasmid band was observed in a wild strain and a shorter band in type I. However, no band was observed in type II. Transferring of the plasmid by conjugation from a wild cell to a type II cell gave an exconjugant which possessed halidohydrolase 1 and 2 and became resistant to mercury. These results indicate that both halidohydrolase 1 and 2 and also mercury reductase are determined by the plasmid in the organism.
Fluoroacetate
(FA) is a well-known inhibitor of aconitase, and has been used for the control of noxious animals such as rat, rabbit and opossam. The bond of carbon and fluorine in FA is chemically most stable compared with those of carbon and other halogen atoms.1} However, there have been some reports2>3) indicating that FAis decomposed by haloacetate halidohydrolase found in Pseudomonas species which catalyzes the following reaction4):
XCH2-COO-+OH ->HOCH2 COO-+X" (X: halogen). Another halidohydrolase was found which catalyzes dehalogenation of chloroacetate (CA) but not FA in Pseudomonas dehalogenans.5~8) Besides, evidence has accumulated supporting that plasmid is inovlved in the biodegradation of some organic compounds, since Chakrabarty and his collaborators^discovered degradative plasmids in pseudomonads.
Then, we attempted to determine whether dehalogenation of FA and CAis determined by plasmid or not. The present paper describes evidence indicating that the two kinds of halidohydrolase as well as mercury reductase are determined by a plasmid in an isolated strain of Moraxella species.
MATERIALS AND METHODS
Organisms and culture. Moraxella sp. strain B and its derived strains used were listed in Table I . A culture medium contained 0.3% K2HPO4, 0.1% KH2PO4, 0.1% isoleucine-leucine-valine; NTG, nitrosoguanidine; Mit C, mitomycin C; C, conjugation.
(NH4)2SO4, 0.01% MgSO4-7H2O, 0.01% yeast extract, and 0.2% monofluoroacetate (named FAmedium) or monochloroacetate (CA medium). In minimal FA medium yeast extract was omitted, and in peptone medium FA was replaced by 0.2% peptone. The organism was aerobically grown with shaking at 30°C. In agar plates 1.5% Noble agar (DIFCO) was used.
Mutation. According to the procedure described by Adelberg et al., 10 ) the cells were incubated with JV-methyl-N'-nitro-TV-nitrosoguanidine at 100^g/ml for 30min. Auxotrophic mutants were enriched by D-cycloserine cycling technique11}
and selected by a replica method.
Aminoacid requirements were determined by an auxanographic method.
Curing with mitomycin. Curing of plasmid was carried out according to the method of Chakrabarty.12) Cells were grown for 2 days in peptone medium containing various concentrations of mitomycin C, 1 fig to 30 /ig/ml. The culture that showed some growth was diluted and spread on peptone plates. Individual colonies were transferred to CA minimal plates by a replica method, and clones which became unable or hard to grow on CAwere selected and scored. These were confirmed for ability of assimilating FA or CA by liquid culture, and also for activity of halidohydrolase.
Conjugation. Conjugation was carried out accoridng to the method ofWilliams et al.i3) Donor cells (No. 186) were grown for 18hr in minimal FA mediumsupplemented with 7fig each of leucine, isoleucine and valine per ml. Recipient cells (No. 123) from an overnight culture were inoculated to peptone medium and were grown for 5 hr to a concentration of about 2 x 109 cells/ml. Equal volumes of donor and recipient cultures were mixed and incubated at 30°C for 2 hr without shaking. The cells were harvested by centrifugation at 1500 x g for 10 min, washed with the minimal mediumwithout carbon source, and resuspended in the original volume of the same medium.Samples, with suitable dilutions, were spread on a plate containing minimal FA medium for selection. For control, suspension of donor and recipient cells were spread on minimal FA medium, respectively. Frequency of conjugal transfer was calculated as the numberof FA-grownclones divided by the number of donor cells.
Determination of minimal inhibitory concentration. The organism was grown for 3 days with shaking in 5 ml of peptone medium supplementedwith antibiotics or mercuric chloride in serial dilutions, and the minimal inhibitory concentration was measured.
Purification of halidohydrolase. Cells grown on haloacetate for 2 days were harvested, washed with 0.15m NaCl solution, and disrupted in 0.02 m phosphate buffer, pH 7.0, containing 5 mM2-mercaptoethanol (PM buffer)
by an ultrasonic oscillator at 20 kHz for 15 min at 0~7°C. Cell debris was removed by centrifugation at 15,000 x g for 20 min, and the supernatant was dialyzed against 0.02m PM buffer overnight. The dialyzed extract was treated with protamine sulfate and then fractionated by ammoniumsulfate; the fraction obtained at 30 to 60% saturation was dialyzed against 0.05m PMbuffer. It was then subjected to chromatography on a column ofDEAEcellulose which had been equilibrated with 0.05m PM buffer. The column was eluted with a linear gradient of PM buffer from 0.02m to 0.3m.
Enzymeassay. Halidohydrolase was assayed by the determination of glycolate produced from haloacetate.
The reaction mixture contained 0. Isolated from fluoroacetate-containing waste water.
penicillin. Although there were these discrepancy, we tentatively classified it into the genus Moraxella. Figure  1 shows electronmicrograph of the organism.
Drug-resistancy in Moraxella strain B
The organism was resistant to mercury and antibiotics such as penicillin G, carbenicillin, oxacillin, streptomycin, kanamycin, gentamicin, rifampicin and nalidixic acid (Table  III) . The organism was able to utilize penicillin G as a sole source of carbon and energy. It showed jS-lactamase activity (0.7 unit/mg protein) in cells when grown with penicillin G.
Mercury reductase activity was detected in cell-free extracts when the organism was grown with mercuric chloride. The enzyme was purified according to the method of Schottel, 19) and its properties were compared with those from plasmid-bearing strains of E. coli15A9) and Pseudomonas K62 20); this suggested occurrence of similar enzyme. The organism was grown on FA, CAand peptone medium, respectively. After treatment with protamine and successively with ammonium sulfate (see Methods), haloacetate halidohydrolase was purified by DEAEcellulose column chromatography. Figure 2a shows a chromatogram indicating two kinds Fraction number (4 ml) of the enzymepresent in cells grownon FA; early eluted enzyme (H-l) was active on both FA and CA, but later eluted one (H-2) was active on CAbut not FA. Although both enzymes were observed when the organism was grown on CAor peptone medium (Fig.  2b, c) , the amount of H-l was very small, suggesting that H-l is induced by FA but H-2 seems to be rather constitutive.
Curing of halidohydrolase genes
To examine whether the dehalogenation of haloacetates and resistance to drugs are determined by plasmid or not, curing experiments were carried out (see Methods). Figure  4 shows that a plasmid band ofP2 is identical with that of the donor 186 on electrophoresis. These results indicate that both halidohydrolase H-l and H-2 and also mercury resistance are determined by the plasmid in the organism. Conditions ofelectrophoresis were the same as in Fig. 3 these properties were found in cured strains of type II at the same level as that ofa wild strain.
